Resistance training sessions involving different exercises and set configurations may affect the acute cardiovascular recovery pattern. We explored the interaction between exercise type and set configuration on the postexercise cardiovagal withdrawal measured by heart rate variability and their hypotensive effect. Thirteen healthy participants (10RM bench press: 56±10kg; parallel squat: 91±13kg) performed six sessions corresponding to two exercises (Bench press vs Parallel squat), two set configurations (Failure session vs Inter-repetition rest session) and a Control session of each exercise. Load (10RM), volume (5 sets) and rest (720 s) were equated between exercises and set configurations. Parallel squat produced higher reductions in cardiovagal recovery versus Bench press (p=0.001). These differences were dependent on the set configuration, with lower values in Parallel squat versus Bench press for Inter-repetition rest session ( This research examined the effect of exercise modality and set-configuration on cardiac vagal autonomy following resistance training. The study was generally welldesigned study with obvious attention to the methodology employed. While the paper overall does make a unique contribution to the literature, there are some concerns. A major issue is that the manuscript needs a significant edit to rectify the many errors of grammar throughout (all sections). Further, the discussion is relatively weak in comparison to the remainder of the paper. Finally, the power of the statistical analysis is not strong and one questions whether the discussion/conclusions can be made with any certainty. Further detailed comments on these and other issues are included below. We really appreciate these comments. We have tried to attend all of your suggestions for improving the manuscript. In this regard, the paper has been reviewed by a native English speaker. We have also tried to strengthen the discussion and precise the conclusions.
Introduction
The authors should consider improving the flow of this section. I would suggest swapping the order of the 2nd and 3rd paragraphs and focus on enhancing the development of the rationale for the research between paragraphs. We have improved the flow of the introduction and have swapped the order of the paragraphs.
There are grammatical errors throughout this section, for example the last sentence on page 3 requires rewording. We have checked the grammar and amended the errors throughout the manuscript.
Methods
Page 4, line 18: I am not sure it is accurate to describe all sessions as having the same intensity? By definition, the 'failure' protocol would be more intense that the 'interrepetition' protocol. Perhaps use 'load' instead. We agree with the reviewer. We have changed "intensity" to "load" throughout the manuscript.
We have changed this point.
Statistical Analysis Page 8, line 18: Remove "are shown" and replace with "were calculated" We have amended this issue.
Page 8: As mentioned previously, the power calculation does not give great confidence in the capacity of the analysis (50-60% of the time) to correctly reject the null hypothesis. 80% power analysis yields a sample size of approximately 25 participants. This is a major weakness of the paper limiting its potential impact. The reviewer is correct about the limit of the power analyses. Nevertheless, we must stress that the fact of observing significant differences in a sample of thirteen participants reflect that there was a big effect sizes of both exercise type and set configuration.
Results I think the results are overly long and should be reduced in length. This could be achieved by focussing on the major results/interactions only and leaving the relatively minor interactions to be displayed in the figures.
We have reduced the results, focusing on the more important data.
All data should be reviewed with respect to the number of decimal places presented. For example, on page 9, the number of repetitions should only be reported to 1 decimal place at most (and perhaps even no decimal place?). We have reviewed the manuscript to properly adjust the number of decimals.
Page 10: Notwithstanding the first point above, the authors should take care to ensure the reader at all times is clear about what data is being discussed. For example, line 16 , it should be clear that HRV is being discussed (same with the following paragraphs).
We have specified that analysis of interactions were about the Ln HF/IRR2 x 104 throughout the paragraphs.
Discussion
The grammar and scientific writing/expression needs improvement throughout the discussion. The writing could be more focussed around the findings and the impact of the results. The tables and figures should be referred to throughout the discussion. We have revised and corrected the whole manuscript. Also, a native English speaker checked the document. In addition, we focused the discussion on the findings and the impact of the results in the new version of the document. At least, we referred the tables and figures throughout the discussion. We have explained the findings and the impact of the results of the study on page 15 as follows: "After resistance exercise there is a reduction in the vagal control of the heart (16, 21, 31, 32, 37) . This reduction in cardiac vagal activity may mean a transient harmful effect in individuals with increased cardiovascular risk due to an augmented probability of suffering a sudden cardiac death mediated by reductions in vagal activity up to 30 min after exercise has been completed (1) . Therefore, the usefulness of controlling the loading parameters in order to minimize this reduction in cardiac vagal control may be dependent on the exercise type, the set configuration and the interaction between them. It seems that exercises performed in a lying position, with less muscle mass implicated and done with a short set configuration as the inter-repetition rest design may reduce the loss of vagal control of the heart. In turn, this may guarantee a more secure workout in individuals with increased cardiovascular risk." "Taking this into account, long set protocols leading to failure may have practical applications as a non-pharmacological therapy in hypertensive individuals to reduce blood pressure. In this regard, muscular failure per se, with all the rest loading parameters equated between protocols, appears to have an important role in the onset on postexercise hypotension." Page 13, Line 11: Did this research (reference 13) normalise for intensity/volume etc? The authors need to be careful here, on page 12 you claim intensity has been controlled yet on page 13 you are arguing a greater glycolytic involvement (ie greater intensity?) with the squat versus the bench press. I think this can be solved with correct terminology." The reviewer is correct. The reference 33 was normalized for the same load. We have changed the term "intensity" by "load" throughout the manuscript. Page 13, Line 22: Remove the word 'members' We have changed "members" by "limbs" throughout the manuscript. Page 14, Line 2: What does "cardiac risk" refer to?
After resistance exercise exists a reduction in the vagal control of the heart that may mean a transient harmful effect in individuals with pathological conditions, since 30 min after exercise exists an increased chance of suffering a sudden cardiac death due to a reduction in vagal activity (Albert et al., 2000 . PMID: 11070099). We have explained this issue on methodology section on page 15 as follows: "After resistance exercise there is a reduction in the vagal control of the heart (16, 21, 31, 32, 37) . This reduction in cardiac vagal activity may mean a transient harmful effect in individuals with increased cardiovascular risk due to an augmented probability of suffering a sudden cardiac death mediated by reductions in vagal activity up to 30 min after exercise has been completed (1) . Therefore, the usefulness of controlling the loading parameters in order to minimize this reduction in cardiac vagal control may be dependent on the exercise type, the set configuration and the interaction between them. It seems that exercises performed in a lying position, with less muscle mass implicated and done with a short set configuration as the inter-repetition rest design may reduce the loss of vagal control of the heart. In turn, this may guarantee a more secure workout in individuals with increased cardiovascular risk." Table 1 : Some of these data should not be reported to 2 decimal places of accuracy. N should also be included. We have reported the data with the appropriate number of decimals. We have also reported the N in the legend of all the tables. The way the figures are presented may mis-represent the data. For example, the difference in time between 'pre' and '20-25', is not the same as the distance between '20-25' and '25-30'. Perhaps use a bar chart or disconnect 'pre' from the next data point so it is clear it occurred at a different time. Replace "moments" with Time
We have presented the data disconnecting the post-values from the pre values. In addition, we have replaced "moments" by "time". We have added the title for Figure 3 . Also, we have reported the N in the legend of all the tables.
======================
Reviewer #3: Exercise type affects cardiac vagal autonomic recovery after a resistance training session--JSCR-08-6392
General comments: The participant size and methods used in the study are sound, although I question the use of young, healthy participants for a study such as this. I ask the authors to consult the comments listed below: We really appreciate the previous comments. We have explained the rationale for using healthy participants in the specific comments.
Specific comments:
If word count allows, Abstract would benefit from notation of fitness status of the participants as well as methods used to assess autonomic function. Did PEH occur, as results only state that it was not mode dependent?I would also appreciate some data in the Abstract vs. only p values, which leave the reader in my view starving for actual numbers. We have restructured the information and added to the abstract the fitness status of the participants, the methods used to analyze autonomic control and we have also reported values of the interaction between exercise type and set configuration. In addition, we have explained that the PEH is affected by the set configuration.
Introduction: I think the first sentence or two of the Introduction (page 2, lines 6-11) needs strengthening. You state that resistance training has important health benefits yet your transition into mentioning vagal control is a little lacking. Why is this important for persons with a normal BP response such as your subjects, as well as individuals with hypertension, etc.? Overall, why is this study of interest to athletes, coaches, clinicians, practitioners, and scientists who use resistance training in their clients? Last part of this section: how does this topic apply to practitioners? Why is this area important to clarify? We have explained the questions demanded in a point by point basis:
•We have strengthened the introduction on page 3 as follows: "Nevertheless, previous studies have revealed, through heart rate variability (HRV), that resistance training does not improve the autonomic control of the heart (4,5). Additionally, resistance exercise sessions provoke an acute reduction in the cardiac vagal control (16, 21, 31, 32, 37 ) that can be interpreted as a transient harmful effect in diseased individuals. This is due to that 30 min after exercise there is an increased probability of suffering a sudden cardiac death due to decreased vagal activity (1) ."
•We have explained the rationale of the participants selected in discussion section on page 16: "The present study, using a healthy young population, makes the first attempt to explore the possible implications of exercise type and set configuration on participants with increased cardiovascular risk. Futures studies should focus on analyzing the applicability of these findings on diseased individuals.
•At last, we have specified the practical applications and the interest of the study in the introduction section on pages 3 and 4 as follows: "In this sense, the effect of the features of the exercises performed (i.e., type of exercise, body position) and the loading parameters (i.e., load, volume) of those exercises, are not adequately understood (20) . Coaches and practitioners should know the precise effects of the resistance training factors that affect the cardiac control after resistance exercise in order to modulate the cardiac impact and prescribe exercise in an accurate and safe way. Specifically, resistance exercise should be prescribed in a harmless manner in certain individuals with cardiovascular risk. In order to solve this issue, the effects on the cardiac control should be fully elucidated. " "A recent study has shown a relationship between the postexercise hypotension caused by resistance exercise and long-term blood pressure reduction at rest (38) , making exercise an interesting non-pharmacological therapy to reduce blood pressure. Nevertheless, the loading parameters that affect postexercise hypotension are not completely established. " "In this regard, our aim was to identify the exercise type and set configuration in which the cardiac autonomic control is less affected, and the possible interaction between these factors. This may have practical applications to prescribing resistance exercise in individuals with elevated cardiovascular risk. Also, we aim to elucidate the implication of the exercise type and the set configuration on the onset and magnitude of the postexercise hypotension in order to prescribe resistance exercise as a nonpharmacological therapy to reduce blood pressure in hypertensive individuals." Method: Participants-was supplement use screened, such as caffeine containing products which can increase BP and potentially minimize PEH onset (Astorino et al. 2012 Res Sports Med)? Page 5 states that this was requested, but how was this actually confirmed prior to each visit? Participants were encouraged to respect the guidelines, and not to consume any product that may contain caffeine, and to follow normal dietetic habits. No one was using nutritional supplements at the time of the study. We checked the day of the sessions that the BP was not ± 5 mmHg in comparison with prior sessions. Also, offtime analysis revealed that BP prior to the warm-up were not different between experimental session, suggesting that the basal BP values were always the same. We have added the exclusion of nutritional supplements to the list of substances refrained in the procedures paragraph of methodology section as follows (page 6): "During the course of the experiment testing, participants were asked to refrain from alcohol, caffeine, nutritional supplements, nicotine, and exercise for 24 hours prior to testing and to fast for three hours prior to the beginning of each session".
Were all men used in this study normotensive? Aren't there data showing that PEH, for example, is more common in people with hypertension vs. normotension? Please explain. All participants were normotensive following the JNC 7 (Chobanian et al., 2003), as explained in methodology. Data can be checked at Table 1 . The reviewer is right, HTN has a great magnitude of PEH in comparison to NT. Nevertheless, our study makes a first approach to this issue allowing to explore some training variables that could be of interest for a better designing of a strength training routine in diseased individuals. We agree with the reviewer about the need of further studies to confirm our results in people with pathological profiles. We have explained this issue in the discussion section as follows (page 13): "The present study, using a healthy young population, makes the first attempt to explore the possible implications of exercise type and set configuration on participants with increased cardiovascular risk. Futures studies should focus on analyzing the applicability of these findings on diseased individuals. Results page 9: there are many terms and abbreviations used here which are unclear; please see below: 'cluster' session? Ln? IRR? Please make sure these are better explained in the method section. We have eliminated this error and changed "cluster" by "Inter-repetition rest design" throughout the manuscript. We have also added the abbreviation "Ln" to the log transformed process in the statistical analysis paragraph. At last, we have specified that IRR refers to the R-R interval in the data analysis paragraph. These changes can be observed on methodology section as follows (pages 9 and 10): "Data were log transformed (Ln) in the case that the normality assumption was violated. " "To weaken the HRV dependence on HR, HF was divided by the squared R-R interval (IRR2) of each epoch (13, 31) ." Autonomic data: is there any way this section can be condensed? As it currently stands, it seems to be quite repetitive and stricken with p value after p value rather than some actual data showing the results. Please consider changing this to improve understanding for the reader. We have reduced the results focusing on the more important data and trying to reduce the p values info.
Lastly, it is evident that English is not the authors' first language. Although the submission is quite complete and relatively well-written, I recommend that the authors consult with an individual who can help them identify select portions of text where the grammar is a little inaccurate and/or awkward. We have revised and corrected the whole manuscript. Also, we have consulted to a native English speaker that checked the manuscript. 
Introduction
Resistance training is considered a promising intervention to prevent and improve several musculoskeletal, metabolic and cardiovascular conditions (17) . Nevertheless, previous studies have revealed, through heart rate variability (HRV), that resistance training does not improve the autonomic control of the heart (4,5). Additionally, resistance exercise sessions provoke an acute reduction in the cardiac vagal control (16, 21, 31, 32, 37 ) that can be interpreted as a transient harmful effect in diseased individuals. This is due to that 30 min after exercise there is an increased probability of suffering a sudden cardiac death due to decreased vagal activity (1) . In this sense, the effect of the features of the exercises performed (i.e., type of exercise, body position) and the loading parameters (i.e., load, volume) of those exercises, are not adequately understood (20) . Coaches and practitioners should know the precise effects of the resistance training factors that affect the cardiac control after resistance exercise in order to modulate the cardiac impact and prescribe exercise in an accurate and safe way. Specifically, resistance exercise should be prescribed in a harmless manner in certain individuals with cardiovascular risk. In order to solve this issue, the effects on the cardiac control should be fully elucidated. In this regard, cardiac vagal control after a resistance training session has been shown to be affected by load (23, 27) and volume (7), although others have not confirmed these findings (2, 21) .
Other variables that may affect the cardiac autonomic control after resistance exercise are, on the one hand, the type and features of the exercise used, and on the other hand, the set configuration employed.
The type and features of the exercise used refer to the muscle mass of the exercises performed and the body postures associated in those exercises. In this sense, exercises with a higher muscle mass involvement produce higher lactatemia (34) , and the glycolytic involvement is related to the cardiac vagal withdrawal (27, 36) . To the best of our knowledge, only one study has analyzed the effect of the exercises type (i.e. upper versus lower limbs) on the cardiovagal control without detecting significant differences 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Exercise type and cardiac vagal autonomic recovery 3 between protocols (21). Nevertheless, the exercises were performed to muscular failure and the position of the exercises was always seated, variables that may have eliminated the differences between protocols.
Besides the effect of exercise type, the set configuration could also affect the vagal recovery to resistance exercise. Set configuration refers to the repetitions actually performed with regard to the maximum possible number of repetitions in a set. Set configuration is closely associated with intensity and volume, and affects the mechanical performance and the metabolic response to exercise (19, 34) . Short set configurations such as the inter-repetition rest design (12,19) result in a higher mechanical performance and lower involvement of the glycolytic energy system than long set configurations, close or leading to muscular failure (34) . As was explained before, the involvement of the glycolytic energy system during resistance exercise seems to be related to the changes in the postexercise cardiac vagal control (27, 36) .
However, only one study has explored the effects of the set configuration on the cardiac vagal control (18) . That study showed that the reduction of the vagal control of the heart after a resistance exercise was similar between sets performed to muscular failure and an inter-repetition rest set configuration. However, in that study only the parallel squat exercise was analyzed and thus, it remains to be explored whether those results can be replicated with different exercises. It is likely that these inconsistent results could result from the interaction between the set configurations and the exercise used in that particular study.
In contrast with the possible harmful effect mediated by the transient reduction in the vagal control of the heart, postexercise hypotension is a positive acute effect of resistance exercise that has been extensively reported in the literature (7, 8, 24, 29, 37) . A recent study has shown a relationship between the postexercise hypotension caused by resistance exercise and long-term blood pressure reduction at rest (38) , making exercise an interesting non-pharmacological therapy to reduce blood pressure. Nevertheless, the loading parameters that affect postexercise hypotension are not completely established. In his sense, it is known that the volume performed is a key factor to induce postexercise hypotension (7, 29) . However, the impact of the exercise type and muscular failure on postexercise hypotension is not conclusive: In regards the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Exercise type and cardiac vagal autonomic recovery 4 exercise type, some studies suggest that the hypotensive effect depends on muscle mass engaged in the exercise (24, 29) , while others did not support this finding (6, 30) . In regards muscular failure, postexercise hypotension was observed in a protocol leading to failure in comparison with a non-failure design (37) , suggesting that muscular failure may be an important contributor to this effect. However, the load between protocols were not equal, something that have affected the results (8) .
Therefore, the main objective of this study was to explore the impact of the exercise type and set configuration on the recovery pattern of cardiac vagal modulation and postexercise hypotension. In this regard, our aim was to identify the exercise type and set configuration in which the cardiac autonomic control is less affected, and the possible interaction between these factors. This may have practical applications to prescribing resistance exercise in individuals with elevated cardiovascular risk. Also, we aim to elucidate the implication of the exercise type and the set configuration on the onset and magnitude of the postexercise hypotension in order to prescribe resistance exercise as a non-pharmacological therapy to reduce blood pressure in hypertensive individuals.
In order to do that, participants performed six experimental sessions, corresponding to the combination of two types of exercises (bench press and parallel squat) with two set configurations (sets leading to muscular failure and an inter-repetition rest design) and two control sessions, one for each exercise. All sessions had the same load, volume and work-to-rest ratio, allowing for comparisons between exercises and set configurations. Our hypothesis is that parallel squat and long set configurations leading to muscular failure would produce higher levels of cardiac vagal withdrawal and postexercise hypotension than short set configurations utilizing an inter-repetition rest design.
Methods
Experimental approach to the problem 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Exercise type and cardiac vagal autonomic recovery 5
A repeated measures design was performed in order to test the impact of both exercise type and set configuration on the acute changes of cardiovagal control and blood pressure after a resistance training session. Thus, participants performed six experimental sessions corresponding to two exercise types (bench press and parallel squat) and three experimental protocols (a session to muscular failure, an interrepetition rest session and a control session). All exercising sessions had the same load, volume and workto-rest ratio in order to properly identify main effect and interaction between exercise type and set configurations.
Participants
Thirteen normotensive male sport science students, with at least 6 months of experience in resistance training completed this study. They were screened and excluded if they had prior history of cardiovascular disease, orthopedic pathology, or illness. All participants signed an informed consent form and were informed they could withdraw from the study at any time. The study was approved by the local Institutional Ethics Committee. The physical, cardiovascular and functional characteristics of the participants are shown in Table 1 .
*** Table 1 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Exercise type and cardiac vagal autonomic recovery 6 estimated maximum heart rate, 5 min of joint mobilization and calisthenics, and 2 sets of 10 repetitions with the 50% of the 10RM load for each exercise.
Orientation sessions
Participants were instructed on how to properly perform the bench press and parallel squat in three familiarization sessions that consisted of five progressive submaximal sets with 10 repetitions. In the following two sessions, 10 RM was tested to establish reliability. Both exercises were performed using a Smith Machine (Life Fitness, Brunswick Corporation, USA).
The bench press exercise was performed with the participants starting with the elbows extended. Then, A previously reported protocol was employed to obtain the 10RM load (22) . 10RM was defined as the load that a participant was able to lift properly 10 times, but not 11. Participants performed no more than 5 attempts on each exercise with a rest interval of 2-5 min between attempts. Exercise type and cardiac vagal autonomic recovery 7 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Exercise type and cardiac vagal autonomic recovery 8 participant seated and breathing spontaneously. Data were recorded in a seated position at the end of a 20 min resting period after exercise to reduce the effect of the increased respiratory rate on the variables (28).
Data analyses
Heart rate variability (HRV) was used to estimate the vagal autonomic modulation of the heart. The Fast of each epoch (15, 33) . Thereafter, the resultant of this division was log transformed since HF did not achieve normality, and multiplied by 10.000 to achieve positive parameters and facilitate the understanding of the results. This change in the scale does not modify the mathematical properties of the values.
Prior to the warm-up, a 10 min period were recorded with the participants resting in a seated position.
HRV was obtained in the last 5 min, while SBP and DBP were assessed at min 8 and 10 of this period. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Exercise type and cardiac vagal autonomic recovery 9 is greater than the acceleration due to gravity (35) . To ensure that there was no learning effect due to the non-randomization of set configurations, the fastest repetitions of every set configuration and each exercise were compared, since the velocity of each load determines the relative load of the exercise (10).
Statistical analyses
All data are reported as mean ± standard deviation (SD) except in the figures that are reported as mean ± standard error (SE). To establish the reliability of the 10RM test, the Intra-class Correlation Coefficients (ICC) with Single Measure Intra-Class correlation were determined (ICC = 0.98 and 0.97 for bench press and parallel squat, respectively). Shapiro-Wilk test was used to test normal distribution of the parameters. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Exercise type and cardiac vagal autonomic recovery 10
Results
The number of repetitions in the Failure session for the Bench press and Parallel squat were 32±5 and 34±6, respectively. A significant effect of set was observed with a progressive decrease in the number of repetitions with each subsequent set (F4,52= 63.256, p< 0.001). Neither main effect of exercise, nor significant interaction between exercises and sets was observed (p>0.05). Rest intervals between each repetition during Inter-repetition rest session for the Bench press and Parallel squat were 23.6±4.1 and 22.9±4.6 s, respectively. To analyze the possible learning effect due to the non-randomization of the set configuration, the fastest repetition of the two set configurations of each exercise was compared. There were no differences in the velocity of the fastest repetition between set configurations for either the Bench press or Parallel squat (p>0.05).
Autonomic data
For Ln HF/IRR 2 x 10 4 , main effects were observed for Exercise (F1, 12= 9.803, p=0.009; 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Exercise type and cardiac vagal autonomic recovery 11
The interaction between Protocol and Time ( Fig. 2) (Fig. 4a) . The Failure session was significantly lower than the Control session at 25 (p=0.006), 30   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Exercise type and cardiac vagal autonomic recovery 12 (p=0.009) and 40 min (p=0.017) after exercise. Pre-post comparisons were not significant for any session.
Finally, differences between sessions at baseline were not significant. Our study shows that when load, volume and work-to-rest ratio are equated, the type of exercise affects the pattern of recovery of the vagal autonomic control of the heart (Fig. 1) . Therefore, we can speculate that the low glycolytic involvement during the bench press could blunt the loss of cardiac vagal control, since previous studies have suggested a relationship between cardiac vagal withdrawal and lactate levels both at rest with intravenous injection of lactate (9, 39) and after resistance exercises (27, 36) . To the best of our knowledge, only one study has analyzed the effect of the exercises type (i.e. upper versus lower limbs) on the cardiac vagal control without detecting significant differences between protocols (21). However, both exercises were performed to muscular failure, causing a high fatigue that could overcome a plausible difference between each exercise. In fact, in the current study, when both exercises were performed to muscular failure, no differences were observed between exercises.
These findings suggest that training to muscular failure may provoke a significant and comparable reduction in vagal control regardless of the type of exercise performed.
Set configuration also affects the pattern of recovery of the vagal autonomic control of the heart (Fig. 2) .
Our study shows that Failure session had a higher loss of cardiac vagal control in comparison with the Control session and the Inter-repetition rest session. Meanwhile, for Inter-repetition rest session the cardiac vagal control was scarcely affected. Nevertheless, when the type of exercise was taking into Exercise type and cardiac vagal autonomic recovery 14 account, set configuration modulated the cardiac vagal response for Bench press but not for the Parallel squat (Fig. 3) . In regards to the Bench press, the Failure session induced less vagal control than the Interrest repetition session. In the Parallel squat, these differences were not observed. These results for the parallel squat are in agreement with a previous study comparing a session to muscular failure versus an inter-repetition rest session for the same exercise (18) . The differences observed for set configuration between bench press and parallel squat may be due to the type and features of the resistance exercise performed. It is possible that when protocols are performed in exercises that involve large muscle mass, the loss in cardiac vagal control is comparable regardless of the set configuration employed.
After resistance exercise there is a reduction in the vagal control of the heart (16, 21, 31, 32, 37) . This reduction in cardiac vagal activity may mean a transient harmful effect in individuals with increased cardiovascular risk due to an augmented probability of suffering a sudden cardiac death mediated by reductions in vagal activity up to 30 min after exercise has been completed (1). Therefore, the usefulness of controlling the loading parameters in order to minimize this reduction in cardiac vagal control may be dependent on the exercise type, the set configuration and the interaction between them. It seems that exercises performed in a lying position, with less muscle mass implicated and done with a short set configuration as the inter-repetition rest design may reduce the loss of vagal control of the heart. In turn, this may guarantee a more secure workout in individuals with increased cardiovascular risk.
Set configuration also affects postexercise blood pressure. In the Failure session, both systolic and diastolic blood pressures were reduced with respect to the Control session. However, after the Interrepetition rest session blood pressure remained unaffected and no differences were found in comparison with the Control session. A possible explanation for this difference may be due to local postexercise vasodilation in the active muscles after the Failure session due to an activation of histamine H1 and H2
receptors (13) . This activation may be a consequence of the metabolic production associated with muscular fatigue. Postexercise hypotension has previously been observed in protocols leading to muscular 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Exercise type and cardiac vagal autonomic recovery 15 failure (14,26), even with low volume (26), which suggests that muscle failure is a substantial contributor to the onset of the hypotensive effect. A previous study (37) compared a muscle failure with muscle nonfailure protocols, and reported a hypotensive effect only in the muscle failure protocol. Unfortunately, in that particular study the load was not equated. To the best of our knowledge, the current study is the first study that compares a protocol with failure to a protocol without failure while matching all the loading parameters. The type of exercise did not affect the blood pressure recovery and did not lead to postexercise hypotension. This lack of difference between exercises is in agreement with a previous study (30) that evaluated the effect of muscle mass on postexercise hypotension using a similar volume to the present study. In addition, the significant DBP elevation observed in the Control session could be attributed to the orthostatic stress (11) . The orthostatic stress is commonly observed in prolonged sitting, possible due to a baroreflex-mediated raise in total peripheral resistance (11) .
Taking this into account, long set protocols leading to failure may have practical applications as a nonpharmacological therapy in hypertensive individuals to reduce blood pressure. In this regard, muscular failure per se, with all the rest loading parameters equated between protocols, appears to have an important role in the onset on postexercise hypotension. The present study, using a healthy young population, makes the first attempt to explore the possible implications of exercise type and set configuration on participants with increased cardiovascular risk. Futures studies should focus on analyzing the applicability of these findings on diseased individuals.
In summary, the type of exercise affects the cardiac vagal control after resistance exercise, with higher reductions in Parallel squat in comparison with Bench press. Also, our data showed that the Failure session caused a loss of cardiac vagal control while the Inter-repetition rest session blunted the impact of resistance exercise on the postexercise cardiac vagal control. Interactions between the type of exercise and set configurations showed that the cardiac vagal control after resistance exercise is affected by both factors simultaneously. Finally, postexercise hypotension was dependent on set configuration, with lower values of blood pressure after the Failure session but not after the Inter-repetition rest session. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Exercise type and cardiac vagal autonomic recovery 16
Practical applications
The type of resistance exercise and the set configuration should be carefully selected when prescribing resistance exercise to populations with an increased cardiovascular risk. Exercises with a lying position and less muscle mass involved (i.e. bench press) in combination with shorter set configurations (i.e. interrepetition rest design) could blunt the increased cardiovascular risk associated with decreased vagal activity after resistance exercise. On the contrary, when the objective of the prescribed resistance exercise is a postexercise reduction in blood pressure, set configurations to failure may be recommendable. It is important to note that one simple exercise with a long set configuration was sufficient to reduce the cardiac vagal control and to provoke the onset of the postexercise hypotension in comparison to a control session.
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